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During June—October 2022, the SARS-CoV-2 Omicron BA.5 sublineage accounted for most of the
sequenced viral genomes in the United States, with further Omicron sublineage diversification through
November 2022.* Bivalent mRNA vaccines contain an ancestral SARS-CoV-2 strain component plus an
updated component of the Omicron BA.4/BA.5 sublineages. On September 1, 2022, a single bivalent booster
dose was recommended for adults who had completed a primary vaccination series (with or without subsequent
booster doses), with the last dose administered =2 months eatlier (7). During September 13—November 18, the
VISION Network evaluated vaccine effectiveness (VE) of a bivalent mRNA booster dose (after 2, 3, or 4
monovalent doses) compared with 1) no previous vaccination and 2) previous receipt of 2, 3, or 4 monovalent-
only mRNA vaccine doses, among immunocompetent adults aged =18 years with an emergency
department/urgent care (ED/UC) encounter ot hospitalization for a COVID-19-like illness.t VE of a bivalent
booster dose (after 2, 3, or 4 monovalent doses) against COVID-19-associated ED/UC encountets was 56%
compared with no vaccination, 3234% compared with monovalent vaccination only with last dose 2—4 months
earlier, and 50% compared with monovalent vaccination only with last dose =11 months earlier. VE of a
bivalent booster dose (after 2, 3, or 4 monovalent doses) against COVID-19—-associated hospitalizations was
5957% compared with no vaccination, 4238% compared with monovalent vaccination only with last dose 5-7
months earlier, and 4845% compared with monovalent vaccination only with last dose =11 months earlier.
Bivalent vaccines administered after 2, 3, or 4 monovalent doses were effective in preventing medically attended
COVID-19 compared with no vaccination and provided additional protection compared with past monovalent
vaccination only, with relative protection increasing with time since receipt of the last monovalent dose. All
cligible persons should stay up to date with recommended COVID-19 vaccinations, including receiving a
bivalent booster dose. Persons should also consider taking additional precautions to avoid respiratory illness
this winter season, such as masking in public indoor spaces, especially in areas where COVID-19 community
levels are high.

Monovalent COVID-19 mRNA vaccines were developed against the spike protein of the ancestral SARS-
CoV-2 virus and were found to provide cross-reactive immune protection against Alpha and Delta SARS-CoV-
2 variants (2). The SARS-CoV-2 Omicron variant emerged in November 2021 and diversified into sublineages.
These Omicron sublineages were associated with decreased protection from vaccination with monovalent
vaccine (3). A single booster dose of bivalent mRNA vaccine (Pfizer-BioNTech or Moderna) containing an
updated BA.4/BA.5 component was recommended by CDC on September 1, 2022, (7) for adults who had
completed a primary series with any Food and Drug Administration—approved or —authorized monovalent
vaccine or who had previously received a monovalent booster dose =2 months earlier.S

The VISION Networkf evaluated the effectiveness of a bivalent booster dose among immunocompetent
adults during September 13—November 18, 2022, a period during which the Omicron BA.5 sublineage



predominated and additional Omicron sublineages emerged. Seven health systems in nine states contributed
data for this analysis. VISION methods have been described (3). Briefly, ED/UC encounters and
hospitalizations associated with a COVID-19-like illness among adults who received a SARS-CoV-2 molecular
test result during the 14 days before through 72 hours after the encounter were included.** Patients were
classified as unvaccinated (zero doses received), vaccinated with 2, 3, or 4 doses of a monovalent-only mRNA
vaccine, or vaccinated with 2, 3, or 4 monovalent doses plus a bivalent booster dose 260 days after receipt of
their last monovalent dose. Encounters were excluded if 1) the patient likely had an immunocompromising
condition (4); 2) only one mRNA monovalent vaccine dose was received, a second monovalent vaccine dose
was received <14 days before the encounter date, or a third or fourth monovalent vaccine dose or a bivalent
booster dose was received <7 days before the encounter date; 3) any dose of a non-mRNA vaccine (e.g., Janssen
[Johnson & Johnson]) was received; or 4) a vaccine dose was received before being recommended by CDC.1t
VE was estimated using a test-negative case-control design, comparing the odds of having received versus
having not received a bivalent booster dose among case-patients (those who received a positive SARS-CoV-2
test result) and control patients (those who received a negative SARS-CoV-2 test result).

Odds ratios and 95% Cls were calculated using multivariable logistic regression, adjusting for age, race and
ethnicity, sex, calendar day (days since January 1, 2021), geographic region, and local SARS-CoV-2 circulation
(percentage of SARS-CoV-2—positive results from testing within the counties surrounding the facility on the
date of the encounter). Age, calendar day, and local circulation were modeled as natural cubic splines. A single,
combined model was fit for each outcome (ED/UC encounters and hospitalizations) with those who had
received a bivalent booster dose (after 2, 3, or 4 monovalent doses) as the referent group with the following
vaccination groups: those who had received no vaccine doses (unvaccinated) (i.e., absolute VE) and those who
had received 2, 3, or 4 monovalent doses but not a bivalent booster dose (i.e., relative VE). Varying time
intervals between the last dose and the index date (2—4, 5-7, 8-10, or 211 months)$ were used to calculate
relative VE. Analyses were conducted using R (version 4.2.2; R Foundation). This study was conducted
consistent with applicable federal law and CDC policy and was reviewed and approved by Institutional Review
Boards at participating sites or under reliance agreement with the Institutional Review Board of Westat, Inc.ff

Among 78,17078;:363 ED/UC encounters with COVID-19-like illness that met inclusion ctitetia, 8,9869;:069
(12%) case-patients and 09,18469:294 (89%) control patients were identified (Table 1). Overall, 24,13024:142
(31%) were unvaccinated. Among persons who had not received a bivalent dose, 18,72448:812 (24%)),
22,53923:642 (29%), and 8.,0808;462 (10++%) had received 2, 3, and 4 doses of monovalent mRNA vaccine,
respectively. Among the 4,6973;905 (65%) adults who had received a bivalent booster dose (median interval
since receipt of bivalent booster dose = 25 days), 292246 (6%) had received 2 monovalent doses, 2,1154679
(4543%) had received 3 monovalent doses, and 2,2902;646 (495+%) had received 4 monovalent vaccine doses.
Bivalent booster dose recipients were older (median age = 68 years) than were those who had not received a
bivalent booster dose (median age = 55 years). VE of a bivalent booster dose (after 2, 3, or 4 monovalent doses)
against ED/UC encounters for COVID-19-associated illness was 56% (95% CI = 5049%—6162%) compared
with no vaccination, 3234% (95% CI = 2149%-4244%) compated with receipt of last monovalent dose 2—4
months eatlier, and 50% (95% CI = 4443%—5657%) compared with receipt of last monovalent dose =11
months earlier (Table 2).

Among 1550245527 hospitalizations with COVID-19-like illness that met inclusion criteria, 1,45245453
(9%) case-patients and 14,050+4;074 (91%) control patients were identified (Table 3). Overall, 4,092 (26%)
were unvaccinated. Among those who had not received a bivalent dose, 3,3433;355 (22%), 4,7044;766 (303+%),
and 2,4792:531 (16%) had received 2, 3, and 4 doses of monovalent mRNA vaccine, respectively. Among the
884783 (65%) adults who had received a bivalent booster dose (median interval since receipt of bivalent
booster dose = 23 days), 5849 (76%) had received 2 monovalent doses, 299252 (3432%) had received 3
monovalent doses, and 527482 (6062%) had received 4 monovalent doses. Bivalent booster dose recipients
were similar in age to vaccinated adults who had not received a bivalent booster dose (median age = 76 and 73

yeats, respectively). VE of a bivalent booster dose (after 2, 3, or 4 monovalent doses) against hospitalization




for COVID-19-associated illness was 5957% (95% CI = 444+%—7069%) compared with no vaccination and
4845% (95% CI = 3025%—6260%) compared with receipt of last monovalent doses, with last dose 211 months
carlier (Table 2).

Discussion

Analysis of data from the multistate VISION Network found that during September—November 2022, when
the BA.5 and other Omicron sublineages were the predominant circulating SARS-CoV-2 variants in the United
States, bivalent booster doses (after receipt of 2, 3, or 4 monovalent doses) were effective in preventing
medically attended COVID-19 compared with no previous vaccination among immunocompetent adults and
provided additional protection when compared with previous monovalent mRNA vaccine doses only. VE was
similar against COVID-19-associated ED/UC encounters and hospitalizations, which might reflect changing
severity of hospitalized cases over time (5). Additional studies are needed to evaluate VE against outcomes such
as COVID-19-associated severe respiratory illness or death. The IVY Network, an adult inpatient VE network,
recently found higher estimated VE in adults aged 265 years compared with estimates for those aged =18 years
included in this analysis (6). This might reflect differences in population subgroups evaluated. Long-term
durability of bivalent booster vaccination protection also could not be assessed because of the short period of
observation since bivalent dose receipt. In a recent analysis from VISION, during BA.4/BA.5—predominant
circulation, 3-dose monovalent VE against COVID-19-associated hospitalization was observed to wane from
68% at 7—119 days after vaccination to 36% at =120 days (5). This might explain why, among patients who had
received 2, 3, or 4 monovalent vaccine doses only, a longer interval since the most recent dose was associated
with more relative protection after receipt of the bivalent booster dose.

Bivalent COVID-19 booster vaccines were developed to improve protection against circulating Omicron
sublineages because of immune escape potentially associated with these subvariants and waning of monovalent
vaccine-conferred protection over time (7). Real-world data suggest that bivalent boosters provide a modest
degree of protection against symptomatic infection among adults compared with receipt of 2, 3, or 4 doses of
monovalent vaccines only (8). Results from this study also demonstrate protection against ED/UC encounters
and hospitalization during a period when BA.5 and other Omicron sublineage viruses predominated in the
United States. With co-circulation of multiple respiratory viruses, including SARS-CoV-2, influenza, and
respiratory syncytial virus, vaccination against respiratory diseases for which vaccines are available is especially
important to prevent illnesses resulting in health care encounters and to reduce strain on the health care system
(9). Additional studies will be critical to evaluating the durability of added protection, especially with circulation
of sublineages of the BA.4/BA.5 Omicron variants such as BQ.1 and BQ.1.1.

The findings in this study are subject to at least six limitations. First, previous SARS-CoV-2 infection was not
accounted for in this analysis. A large proportion of the population has now experienced SARS-CoV-2 infection
which decreases the risk of future medically attended COVID-19 illness and might affect observed VE due to
background immunity (70). Second, although models adjusted for relevant confounders, residual confounding
is possible, including by behavioral differences and use of COVID-19 treatments such as nirmatrelvir/ritonavir
(Paxlovid). Third, sublineage-specific VE could not be estimated. Fourth, this analysis did not compare
product-specific bivalent booster VE estimates. Fifth, relative VE was estimated using the interval since receipt
of last monovalent dose; this study was not statistically powered to estimate whether relative VE differed by
number of previous monovalent vaccine doses received. Finally, because these data are from nine states, the
patients in this analysis might not be representative of the entire population of the United States. Further, this
analysis included adults who received bivalent booster doses shortly after authorization who might not be fully
representative of the vaccine-eligible population. For example, over one half of bivalent booster recipients had
previously received 4 monovalent vaccine doses. Additional VE studies are needed as coverage of bivalent
boosters increases.



In this early study of immunocompetent adults, significant protection from a booster dose of bivalent mRNA
COVID-19 vaccine (after receipt of 2, 3, or 4 monovalent doses) compared with no vaccination was found, as
well as significant relative benefits of a bivalent booster dose when compared with previous receipt of
monovalent doses only. These findings support efforts to improve coverage with bivalent vaccines, although
optimal timing for receipt of bivalent vaccine booster doses needs to be established. All eligible persons should
stay up to date with recommended COVID-19 vaccination, including receiving a bivalent booster dose. In
addition, persons should consider taking other precautions to avoid respiratory illness this winter season,
including masking in public indoor spaces, especially in areas where COVID-19 community levels are high, to
protect themselves and others and reduce strain on the health care system during an ongoing surge in multiple
respiratory viruses.
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vaccines/covid-19/clinical-considerations/interim-considerations-us.html

1 Sites from the CDC-funded VISION Network that contributed data for this analysis were Baylor Scott & White Health (Texas), Columbia
University Irving Medical Center (New York), HealthPartners (Minnesota and Wisconsin), Intermountain Healthcare (Utah), Kaiser
Permanente Northern California (California), Kaiser Permanente Center for Health Research (Oregon and Washington), and University of
Colorado (Colorado).

** The encounter date was either the date of collection of a respiratory specimen associated with the most recent positive or negative SARS-
CoV-2 test result before the admission or visit date, or the date of the medical visit if testing occurred only after the admission or visit.
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1145 C.F.R. part 46.102(1)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.
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Summary

What is already known about this topic?

Bivalent mRNA COVID-19 booster doses containing an Omicron BA.4/BA.5 sublineage component were
recommended on September 1, 2022. The effectiveness of these updated vaccines against COVID-19-associated
medical encounters has not been established.

What is added by this report?

Bivalent booster doses provided additional protection against COVID-19-associated emergency department/urgent
care encounters and hospitalizations in persons who previously received 2, 3, or 4 monovalent vaccine doses. Because
of waning of monovalent vaccine-conferred immunity, relative effectiveness of bivalent vaccines was higher with
increased time since the previous monovalent dose.

What are the implications for public health practice?
All persons should stay up to date with recommended COVID-19 vaccinations, including receiving a bivalent booster
dose if eligible.

TABLE 1. Characteristics of emergency department and urgent care encounters among immunocompetent adults aged 218
years with COVID-19-like illness,* by mRNA COVID-19 vaccination status and SARS-CoV-2 test result — nine states,"
September—November 2022
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interval since last dose (mos) ved
BV
boost
Contro er
Case- | dose
Overall, patien patient 27
no. ts s S days
(colum (positi = (negati M | Unvacci earlie SM
Characteristic n %) ve) ve) D' nated 2-4 5-7 8-10 =11 r D'
8,986 69,184 24,130 5,571 6,623 14,050 23,099 4,697
78,170 (11.5) | (88.5)6 (30.9)2  (7.1)5 | (8.5)6 | (18.0)1 | (29.5)2 @ (6.0)3
All ED/UC (100.0) 9,009 9,294 4,142 ;668 891 4,220 3,477 905
encounters 78303 | (115) | (885) | — | (30:8) F2) | 88) | (182) | (30:0) | (5:0) —
Site
Baylor Scott & White | 13,516 1,390 12,126 | 0.3 7,014 288 374 1,244 4,513 83 3.81
Health (17.3) (10.3) (89.7) 7 (51.9) 2.1 (2.8) 9.2) (33.4) (0.6) 38
Columbia University 3,243 253 2,990 1,421 110 209 508 941 54
(4.1) (7.8) (92.2) (43.8) (3.4) (6.4) (15.7) (29.0) (1.7)
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9,190 035 5455 470 70 661 21 2,048 30
50-64 14,666 1,70 12,958 3,89 1,339 1,272 3,04 4,25 862
(18.8)1+ | (11.6)% | (88.4%F (26.6)3; | 9.1 | (8.71F | (20.8)3; | (29.04; @ (5.97
4,692 #10 2,982 9203 362 328 085 308 06
65-74 10,509 1,30 9,20 1,89 1,332 1,407 1,70 3,04 1,128

(13.4)% | (124)% @ (87.6)9 (18.0)0+ | (12.7) | (134) @ (16.2)% | (28.9)3; | (10.7)




0,533 311 222

75-84 8,812 1,266 7,546

(11.3)8;  (144)% | (85.6)%
844 —= 569
>85 5,035 677 4,358
(6.4)5,0 | (13.4)6 | (86.6)4;
44 78 366
(6:4) @34 (86:6)
Sex
Female 48,262 5,331 42,931
(61.7)4 | (11.0)5 @ (89.0)4
Male 29,908 3,655 26,253
(38.3)2 | (12.2)3  (87.8)2
38:3) a22) 87:8)
Race and ethnicity
Black or African 9,260 823 8,437
American, NH (11.8)9,  (8.9)82 @ (91.1)8&;
261 3 438
Hispanic or Latino 14,689 1,345 13,344
(18.8)%+ | (9.2% | (90.8)4
4,703 345 3358
Other, NH** 7,412 841 6,571
(9.5)74 | (11.3)8 | (88.7)6;
17 41 576
Unknown 1,255 154 1,101
(1.6)%2 | (1234 | (87.7)%
55 54 101
White, NH 45,554 5,82 39,731

(58.3)4 | (12.8)5 | (87.2)3

Documented previous SARS-CoV-2 infection™

Yes 15,726 1,244 14,482
(0.1 (7.9% | (9214
5,750 247 4503

No 62,444 7,742 54,702
(79.9)6 @ (12.4)+ @ (87.6)5

2,553
SARS-CoV-2 status

Positive test result 8,986 8,986 0
(case-patient) (11.5)9; | (100.0) =)
009 9.009
15) | (400.0)
Negative test result 69,184 0 69,184
(control patient) (88.5)6 (—) (100.0)
9,294 69,294
(100:6)

No. of MV mRNA vaccine doses received
None 24,130 3,037 21,093
(30.9)2 | (12.6)3  (87.4)2
2 19,016 2,157 16,859
(24.3)1 | (11.3)2 (88.7)%
3 24,654 2,740 21,914
(31.5)2 | (11.1)2 @ (88.9)2

0.0

0.1

0.1

0.0

898 1362 1478 714 100 9871
1,20 1,25 144 141 2,483 1,014
(13.6)% | (142) | (164) @ (16.0)0% | (28.2)2; | (11.5
202 1277 1536 424 532 8743
669 789 850 770 1461 496
(13.3)66 | (15.7) | (16.9) | (153)7 | (29.0)% 9.9)4
9 97 888 86 489 s
14,547 3,377 | 4,029 8,931 14,603 | 2,775
@014 | (7.03; | (8.3)4 | (185)9 | 303+ | (5.7
554 434 182 033 4819 323
9,583 2194 | 2,594 5119 849 1,922
(82008 | (731 | (8.7)2 | (17.1)5 | (284)8 | 64+
588 237 #09 187 658 582
3,837 515 694 1420 2,547 247
41.4)3; 5.6)5 | (7.5)6 153y | (27.5)2; | (2.7)2
837 16 94 424 553 40
5118 843 1,081 2,743 4,456 448
34.8)5 | (5718 | (744 | (18.7)2:; | (30.3)4; | (3.0)3
+Ho 50 096 767 492 9
1.746 657 780 1.732 2,013 484
23.6)% 896 | (10.5) @ (234)% | (27.2)% | (6.54
746 59 785 743 034 53
547 46 3 239 317 33
(43.6)54 | (374 | (5.8)% 19.0)2 253)3 | (2.6)2
7 6 3 40 24 8
12,882 3,510 | 3,995 7916 13,766 | 3.485
(283)12 | (7.7)3; | (8.8)4 @ (17.4)8 | (30.2)+ @ (7.7
893 597 243 049 4,080 805
4,680 1,020 | 1,322 2,875 5,066 763
(29.8)4; | (6.5)% | (84)% | (183)2; | (32.2)5 | (4.9)6
682 036 354 916 136 29
19,450 4,551 5,301 11,175 18,033 = 3,934
G149 | (734 | 855 @ (17.9% | (28.9)% | (6.3)3;
3,037 531 679 1,663 2,738 338
(33.8)3; 595 | (7.6)# | (18.5% | (30.52 3.8)2
040 37 25 6+ +83 47
21,093 5040 | 5944 | 12387 | 20,361 4,359
(30.5)2% | (7.3)5 | (8.6)6; @ (17.9% | (294)2 | (6.3)3;
24,130 0 0 0 0 0
(10002 | (=) =) =) =) —
4,142
£+00:6)
0 274 595 1384 16471 292
=) (1.4)2 3.6 | (7343 | (86.6)4 | (1.5)2
+# 06 s 6538 16
0 997 2,248 | 12,666 6,628 2,115
=) 4.0+ | 002 | (6144 | (2696 | (8.6)%

~
_‘£
{98

=] o
N
&)



4,721 752 1969 006 | 268 | 2829 | 939 | 679

4 10,370 1 052 9, 318 0 4300 | 3,780 0 0 2,290
(13.3)+ | (10.1)4+ @ (89.9)9; (=) (415) | (36.5) —) (=) (22.1)

Most recent dose product manufacturer

Pfizer-BioNTech 34,705 3,825 30,880 @ 0.0 0 3,533 | 4,231 8,327 15,018 | 3,596 —
(44.43 | (11.003 = (89.0)3 7 (=) (10.2) | (12.2) | (24.008 | (43.3)+ | (104)

Moderna 19,335 2,124 17,211 0 2,038 2,392 5723 8,081 1,101
(24.7)1 | (11.0)2 @ (89.00+ (=) (10.5) | (124) | (296)5; @ (41.8)8; | (5.1)%
SLel 148 B 2,058 2,440 L 187 101

None 24,130 3,037 21,093 24,130 0 0 0 0 0
(30.9)2 | (12.6)3 @ (87.4)2 (100.0)2 (—) —) —) —) (—)
4,142 P 1,102 4,142

Any chronic condition

Yes 23,834 2,307 21,527 | 0.1 6,778 2,068 | 2370 4,011 7,195 1412 | 045
(30.5)2 | (9.7)% | (90.3)2 2 (284)6; | (8.7)2; | (9.9)2, @ (16.8)4 | (30.2% @-‘1— e
3,892 3 1581 782 14 466 056 313

No 54,336 6,679 | 47,657 17,352 3,503 | 4253 | 10,039 | 15904 | 3,285
(69.5)5 | (12.3)6 @ (87.7)4 (31917 | (6.4)3;, | (7.8/4; (18531 | (29.3)+ | (6.0

21 chronic respiratory condition

Yes 12,290 1,057 11,233 0.1 3,604 987 1,148 2,039 3,800 712 0.2
(15.7)1 (8.6)% 91.4)% 3 (29.3)3; | (8.0 | (93)% | (16.6)2 30.9)3; 5.8)5
2316 060 1256 606 o4 203 067 863 63

No 65,880 7,929 57,951 20,526 | 4,584 | 5475 | 12,011 19,299 | 3,985
(84.3)6 | (12.00# | (88.0)5 31.2)20 | (7.004; | (8.3)5; 18.2)4 (29.3)4 | (6.0)3;

21 chronic non-respiratory condltlon

Yes 17,215 1,832 15383 | 0.0 4,867 1,562 | 1,715 2,822 5,290 959 0.39
(22.0)1 | (10.6)+ & (89.4)+ 5 (283)4; | 0.4 @ (10.0) | (164)2, @ (30.7)5 | (5.6)7 | 64
FRES e L2 een 290 s e = 63

No 60, 955 7 154 53,801 19,263 | 4,009 | 4908 | 11,228 | 17,809 | 3,738
(78.006 | (11.7)7 & (88.3)5 31.6)19 | (6.6)4;, | (8.1)5 @ (1841 | (29.2)% | (6.1)3;

Abbreviations: BV = bivalent; ED/UC = emergency department/urgent care; KPNC Kaiser Permanente Northern California;
KPCHR = Kaiser Permanente Center for Health Research; MV = monovalent; NH = non-Hispanic; SMD = standardized mean or
proportion difference.

* ED/UC encounters with a discharge code consistent with COVID-19-like illness were included. COVID-19-like illness diagnoses
included acute respiratory illness, respiratory signs or symptoms, or febrile signs or symptoms using diagnosis codes from the
International Classification of Diseases, Tenth Revision. Clinician-ordered molecular assays (e.g., real-time reverse transcription—
polymerase chain reaction) for SARS-CoV-2 occurring <14 days before to <72 hours after the encounter date were included.

" California (Sep 13-Nov 18, 2022), Colorado (Sep 13-Nov 7, 2022), Minnesota and Wisconsin (Sep 13-Nov 18, 2022), New York (Sep
13-Nov 18, 2022), Oregon and Washington (Sep 13—-Nov 14, 2022), Texas (Sep 13—-Nov 13, 2022), and Utah (Sep 13-Nov 18, 2022).

$ Vaccination was defined as having received the last monovalent or bivalent dose within the specified range of months or days
before the ED/UC encounter date, which was the date of respiratory specimen collection associated with the most recent positive or
negative SARS-CoV-2 test result before the encounter start date or the encounter start date if testing only occurred after the
admission.

" An absolute SMD >0.20 indicates a nonnegligible difference in variable distributions between ED/UC encounters for vaccinated
versus unvaccinated patients or for patients with positive SARS-CoV-2 test results versus patients with negative SARS-CoV-2 test
results. For mRNA COVID-19 vaccination status, a single SMD was calculated by averaging the absolute SMDs obtained from
pairwise comparisons of each vaccinated category versus unvaccinated. Specifically, it was calculated as the average of the absolute
value of the SMDs for 1) vaccinated with only monovalent doses, >11 months earlier versus unvaccinated, 2) vaccinated with only
monovalent doses, 8-10 months earlier versus unvaccinated, 3) vaccinated with only monovalent doses 5-7 months earlier versus
unvaccinated, 4) vaccinated with only monovalent doses 2-4 months earlier versus unvaccinated, and 5) vaccinated with bivalent
booster >7 days earlier versus unvaccinated.



** Other race includes Asian, Hawaiian or other Pacific Islander, American Indian or Alaska Native, other not listed, and multiple

races. Because of small numbers, these categories were combined.

* Previous SARS-CoV-2 infection was defined as having a positive SARS-CoV-2 test result (molecular or antigen) documented in the
electronic health record >15 days before the hospital admission date. This does not capture previous infections in which testing was

not performed or testing was performed but not available in the electronic health record (e.g., at-home testing).

TABLE 2. Bivalent booster COVID-19 vaccine effectiveness* against laboratory confirmed COVID-19-associated emergency
department and urgent care encounters and hospitalizations among immunocompetent adults aged =18 years — nine

states,” September—November 2022

Negativ
e SARS-
CoV-2
test Positive SARS-
result, CoV-2 test
mRNA dosage pattern Total no. (%) result, no. (%)
ED/UC encounters
Relative VE
Only MV doses, last dose 2—-4 mos 5,5715,668 5,040 531 (10)5379)
earlier ON543
H9H
BV booster dose, >7 days earlier 4,6973,905 4,359 338 (7)247-6)
(93)3:65
8-(94)
Only MV doses, last dose 5-7 mos 6,6236,891 5,944 679 (10)725-(H
earlier (90)616
6(89)
BV booster dose, >7 days earlier 4,6973,905 4,359 338 (7)247-6)
(93)3:65
8-(94)
Only MV doses, last dose 8-10 mos = 14,05014;2 12,387 1,663 (12)+647
earlier 20 (88)125 a2
43(88)
BV booster dose, 27 days earlier 4,6973,905 4,359 338 (7)247(6)
(93)3:65
8-(94)
Only MV doses, last dose >11 mos = 23,09923.4 20,361 2,738 (12)2783
earlier 77 (88)20.6 a2
94-(88)
BV booster dose, >7 days earlier 4,6973,905 4,359 338 (7)247-6)
(93)3:65
894)
Absolute VE
Unvaccinated 24,13024,1 21,093 3,037 (13)3,040
42 87244 @43)
0287
BV booster dose, >7 days earlier 4,6973,905 4,359 338 (7)247(6)
(93)3:65
8-(94)
Hospitalizations
Relative VE
Only MV doses, last dose 2-4 mos —5 — —
earlier
BV booster dose, >7 days earlier —_ — —
Only MV doses, last dose 5-7 mos 1,7801,819 1,615 165 (9)1674(9)
earlier [CHET
291
BV booster dose, >7 days earlier 884783 828 56 (6)49-(6)
(94)734
94)
Only MV doses, last dose 8-10 mos = 2,6362,655 2,405 231 (9)233+9)
earlier 91242
29
BV booster dose, >7 days earlier 884783 828 56 (6)49-(6)
(94)734
94)
Only MV doses, last dose 211 mos 4,5494,595 4,105 444 (10)448-(10)
earlier (90)444

Median interval since
last dose, days (IQR)

115 (91-134)

25 (16-37)

184 (166-210209)

25 (16-37)

294 (273-311312)

25 (16-37)

463 (366-543)459

{365-542)

25 (16-37)

NA

25 (16-37)

178 (164-201)

23 (14-34)

294 (273-313)

23 (14-34)

474472 (362-556)

VE %
(95% Cl)

Ref

32 (21-42)3%
€044

Ref
43 (34-50)42
32-50}
Ref
54 (48-59)53
{4660}

Ref

50 (44-5643-57)

Ref

56 (50-6149-62)

Ref

42 (20-58)38
{43-56)
Ref
44 (23-59)42
{19-58)

Ref



BV booster dose, >7 days earlier 884783 828 56 (6)49(6) 23 (14-34) 48 (30-62)45

94734 {25-60)
94)
Absolute VE
Unvaccinated 4,092 3,658 434 (11) NA Ref
(89)
BV booster dose, >7 days earlier 884783 828 56 (6)49-(6} 23 (14-34) 59 (44-70)5%
94)734 4169
94)

Abbreviations: BV = bivalent; ED/UC = emergency department/urgent care; MV = monovalent; NA = not applicable; Ref = referent
group; VE = vaccine effectiveness.

* VE was calculated as ([1 — odds ratio] x 100%), estimated using a test-negative case-control design, adjusted for age, sex, race and
ethnicity, geographic region, calendar time (days since January 1, 2021), and local virus circulation (percentage of positive SARS-
CoV-2 test results from testing within the counties surrounding the facility on the date of the encounter).

" California (Sep 13, 2022-Nov 18, 2022), Colorado (Sep 13, 2022-Nov 7, 2022), Minnesota and Wisconsin (Sep 13, 2022-Nov 18,
2022), New York (Sep 13, 2022-Nov 18, 2022), Oregon and Washington (Sep 13, 2022-Nov 14, 2022), Texas (Sep 13, 2022-Nov 13,
2022), and Utah (Sep 13, 2022-Nov 18, 2022).

$ Dashes indicate that estimated VE had a Cl width >50%. Estimates with Cl widths >50% are not shown here because of imprecision.
The associated data are also omitted.

TABLE 3. Characteristics of hospitalizations among immunocompetent adults aged 218 years with COVID-19-like iliness,* by
mRNA COVID-19 vaccination status and SARS-CoV-2 test result — nine states,” September-November 2022
SARS-CoV-2 test
result status,

no. (row %) mRNA COVID-19 vaccination status.® no. (row %)
Received 2, 3, or 4 MV doses only, Recei
interval since last dose (mos) ved
BV
boost
er
Case- Control dose
patient | patient 27
Overall, s s days
Characterist no. (positi = (negati = SMD  Unvacci earlie SMD
ic (col %) ve) ve) T nated 2-4 5-7 8-10 211 r K
All 15,502 1,452 14,050 —_ 4,092 1,561 1,780 2,636 4,549 884 —
hospitalizat (100.0)+ | (9.49)% (90.6)1 (26.4)4; (10.1)1+ | (11.5)% | (17.0)2 | (29.3)4  (5.7)
ions £Er 453 A0 ooz Pt iE ] EEE Pl 783
Site
Baylor Scott 3,782 331 3,451 0.20- 1,545 17 136 433 1,516 35 3.92
& White (24.4) (8.8) 91.2) 19 (40.9) (3.1) (3.6) (11.4) (40.1) (0.9) 391
Health
Columbia 1,125 128 997 432 69 109 200 292 23
University (7.2) (11.4) (88.6) (38.4) (6.1) 9.7 (17.8) (26.0) (2.0
HealthPartne 1,504 165 1,339 31 206 183 267 349 188
rs (9.7) (11.0) (89.0) (20.7) (13.7) (12.2) (17.8) (23.2) (12.5)
Intermountai 1,668 218 1,450 506 145 128 266 490 133
n Healthcare (10.8)1 (13.1)2 | (86.9+4 30.3)566 | (8.1)16 T7.01e (15.9)2 (2945 | (8.0)3
693 19 74 29.9) 7 7 85 36 2
KPNC 5,48 438 5,051 582 838 1,076 1,193 1,384 416
(35.4) (8.0) (92.0) (10.6) (15.3) (19.6) (21.7) (25.2) (7.6)
KPNW 1,028 82 946 305 135 104 181 238 65
(6.6) (8.0) (92.0) (29.7) (13.1) (10.1) (17.6) (23.2) (6.3)
University of 906 90 816 411 51 44 96 280 24
Colorado (5.8) (9.9) (90.1) (45.4) (5.6) 4.9) (10.6) (30.9) (2.6)
Age group, yrs
18-49 2,925 160 2,765 0.34 1,315 72 136 502 816 84 273
(18.9)2; | (5.5)46 | (94.5)27 45.0043 | 2572 @ (4.6313 | (17.2)5 27.9)8 | 297 @274
928 o 2 15 2:5) 8 06 22 5
50-64 2,985 212 2,773 1,006 223 280 567 805 104
(19.3)2; (7.1)2% 92.9) 27 (33.7)%6 (7.5)22 (9.4)28 (19.05 27.0)8 @ (3.58
988 2 76 06 9 4 74 o] 3



65-74 3,240 300 2,940
(20.9)3; | (9.3)30 | (90.7)29
244 0 44
75-84 3,615 410 3,205
(23.3)3; | (11.3)4 | (88.7)32
626 10 16
>85 2,737 370 2,367
(17.7)2; | (13.53 | (86.523
741 “ 70
Sex
Female 8,393 747 7,646 0.06
(54.1)8; | (8.9)74 | 91.1)%6
405 8 57
Male 7,109 705 6,404
(45.9)7; 9.9) (90.1)6:4
122 =
{45-9) 901
Race and ethnicity
Black or 1,788 116 1,672 0.2
African (11.5)%, 6.5)4% | (93.5%6
American, 788 6 2
NH 11.5) (6:5) {93:5)
Hispanic or 2,39 178 2,216
Latino (15.4)2; 74017 | (92.6)22
395 8 =
Other,** NH 1,500 117 1,38
9.1)%5 78+ | (92.2)13
02 7 85
Unknown 239 21 218
(1.5). (8.8)21 | (91.2)2%
“5) (8:8) 8
912
White, NH 9,581 1,020 8,56
(61.8)9; | (10.6)+ | (89.4)85
603 021 82
Documented prior SARS-CoV-2 infection™
Yes 2,444 141 2,303 0.2
(15.8)2; | (5.8)14 | (94.2)23
450 1 09
No 13,058 1,311 11,747
(84.2)13 | (10.0)3; | (90.001%;
077 312 765
SARS-CoV-2 status
Positive test 1,452 1,452 0 —
result (case- (9.4)%4 | (100.0) =)
patient) 53 1453
94) {100.0)
Negative 14,050 0 14,050
test result (90.6)14 (—) (100.00%
(control 074 4074
patient) {90.6) S
No. of monovalent mRNA vaccine doses received
None 4,092 434 3,658 0.1
(26.4)4,0 | (10.6)4 | (89.4)36
92 34 58
26-4) £0:6) 89:4)
2 3,401 322 3,079
(21.9)3:4 9.5)32 | (90.5)3,0
04 2 82

7 385 391 526 1,007
(2207 | (1193 @ (1214 | (1625 | (B1.1)%
(22.1 90 04 28 016
599 475 551 636 1.072
(16.6)599 | (13.hH4 @ (15.2)5 | (17.6)6 | (29.7)%
&e5) 82 65 39 085
455 406 422 405 849
(16.6)455 | (14.8)4 @ (1544 | (14.8)4 @ (31.0)8
{e6) 10 28 08 60
2,147 861 966 1,437 2,500
(25.6)24 | (103)8 | (11.5)9 @ (17.D)% | (29.8)2;
47 3 9 447 525
1,945 700 814 1,199 2,049
(27439 9.8)4 | (11.58 | (16.9)% | (28.8)2;
45 0 29 208 070
634 138 171 247 544
35.5)634  (1.1)13 9.6)+# | (13.8)2 | (304)5
35:5) 8 4 48 46
696 211 248 488 682
(29.1)696 | (8.8)21 | (1042 | (20.4)4 | (28.5)6
294 2 48 90 83
279 197 239 301 379
(18.6)279 = (13.1)+ | (1592 | (20.1)3 | (25.3)3
18:6) 97 40 03 81
1 13 24 29 56
4644+ | 5413 | (1002 | (121)2 | (23.4)5
{464} &4 4 9 8
2,372 1,002 1,098 1,571 2,888
(24.8)23 | (1054 | (11.5% @ (164)% | (30.1)2;
72 023 136 585 927
641 213 251 413 819
(26.2)641 | (8.7)2%+ | (103)2 | (1694 & (33.58
262) + 53 15 28
3,451 1348 1,529 2,223 3,730
(26434 | (1034 @ (11.71%  (17.002; | (28.6)3;
51 366 566 240 767
434 122 165 231 444
299434 (8412 | (1143 | (1592 | (30.6)4
£29:9) 2 67 33 48
3,658 1439 1,615 2,405 4,105
(26.0)3;6 | (1024 | (11.5% @ (17.1)2; | (29.2)4;
58 464 652 422 147
4,092 0 0 0 0
(100.0) =) =) =) =)
0 48 81 194 3.020
(=) (1.4 (2.4) 5.7)19 | (88.8)3;
&4 6 629
68} 89-6)

N
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N

(o]
()]
s

R sl

~
oo
o

SERY:

N
W
+

i

(7.0)%

—
=

Ple
A
3

Ple
o
[oN



3 5,003 442 4,561
(32.3)5,0 | (8.8)44 | (91.2)45
18 3 75
4 3,00 254 2,752
(194)3;6 | (84)25 | (91.6)27
13 4 59

Most recent dose product manufacturer

Pfizer- 7,088 622 6,466
BioNTech (45.7)7; | (8.8)62 | (91.2)6;4
085 o] 65
Moderna 4,322 396 3,926
(27.9)4; | (9.2)39 | (90.8)3;9
350 9 51
None 4,09 43 3,658
(26.4) (10.6) (89.4)
Any chronic condition
Yes 14,649 1,410 13,239
(94.5)14 | (9.6)+4 | (90.4)%3;
671 H 260
No 853 4 811
(5.5)856 (4.9 (95.1)8%
5-5) 4
95-H
21 chronic respiratory condition
Yes 9,246 921 8,325
(59.6)9; | (10.0)9 | (90.0)8:3
261 2%
No 6,256 531 5,725
(40.4)6; | (8.5)53 | (91.5)57
266 2 34

21 chronic non-respiratory condition

Yes 14,119 1,369 12,750
91.1D)14  (9.7143 | (90.3)42;
141 70 4+
No 1,383 83 1,300
(8.9)%:3 (6.0) (94.0)43
86 03
8:9) (94-0)
ICU admission
Yes 2,566 182 2,384
(16.6)2; (7.1 (92.9)23
568 86
{16-5) 92:9)
No 12,936 1,270 11,666
(83.4)12 (9.8)%2 | (90.2)1+
;959 “ 688

Receipt of invasive mechanical ventilation

Yes 1,579 97 1,482
(10.2)%; 6.1) 93.9)+4
580 83
10:2) 93:9)
No 13,923 1,355 12,568
(89.8)13 | (9.043 | (90342
947 56 591
In-hospital death®
Yes 466 51 415
(3.0) (10.9) (89.1)

0.09

o
(o]

Ple
~
(V%)

0.14

0.03

0 213 520 2,442 1529 | 299
=) 43121 | (104)5 | (488)2 | (30.6)% | (6.0)2
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Abbreviations: BV = bivalent; ICU = intensive care unit; KPNC = Kaiser Permanente Northern California; KPCHR = Kaiser
Permanente Center for Health Research; MV = monovalent; NH = non-Hispanic; SMD = standardized mean or proportion difference.

* Hospitalizations with a discharge code consistent with COVID-19-like illness were included. COVID-19-like iliness diagnoses
included acute respiratory illness, respiratory signs or symptoms or febrile signs or symptoms using diagnosis codes from the
International Classification of Diseases, Tenth Revision. Clinician-ordered molecular assays (e.g., real-time reverse transcription—
polymerase chain reaction) for SARS-CoV-2 occurring <14 days before to <72 hours after the encounter date were included.

' California (Sep 13-Nov 18, 2022), Colorado (Sep 13-Nov 7, 2022), Minnesota and Wisconsin (Sep 13-Nov 18, 2022), New York (Sep
13-Nov 18, 2022), Oregon and Washington (Sep 13-Nov 14, 2022), Texas (Sep 13-Nov 13, 2022), and Utah (Sep 13-Nov 18, 2022).

$ Vaccination was defined as having received the last monovalent or bivalent dose within the specified range of months/days before
the hospitalization encounter date, which was the date of respiratory specimen collection associated with the most recent positive or
negative SARS-CoV-2 test result before the admission date or the admission date if testing only occurred after the admission.

" An absolute SMD >0.20 indicates a nonnegligible difference in variable distributions between hospitalizations for vaccinated versus
unvaccinated patients or for patients with a positive SARS-Cov-2 test result versus patients with a negative SARS-CoV-2 test result.
For mRNA COVID-19 vaccination status, a single SMD was calculated by averaging the absolute SMDs obtained from pairwise
comparisons of each vaccinated category versus unvaccinated. Specifically, it was calculated as the average of the absolute value of
the SMDs for 1) vaccinated with only monovalent doses, =11 months earlier versus unvaccinated, 2) vaccinated with only
monovalent doses, 8-10 months earlier versus unvaccinated, 3) vaccinated with only monovalent doses 5-7 months earlier versus
unvaccinated, 4) vaccinated with only monovalent doses 2-4 months earlier versus unvaccinated, and 5) vaccinated with bivalent
booster >7 days earlier versus unvaccinated.

** Other race includes Asian, Hawaiian or other Pacific Islander, American Indian or Alaska Native, other not listed, and multiple
races. Because of small numbers, these categories were combined.

" Previous SARS-CoV-2 infection was defined as having a positive SARS-CoV-2 test result (molecular or antigen) documented in the
electronic health record =15 days before the hospital admission date. This does not capture infections in which testing was not
performed or testing was performed but not available in the electronic health record, e.g., at-home testing.

% In-hospital death was identified at each individual site and was defined as a death while hospitalized and <28 days after admission.



